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Abstract 
Acoustic emission technique (AET) has been used for on-line monitoring of pressure vessels with artificial defects in the 
laboratory and for monitoring structural integrity of storage vessels in heavy water plant. The laboratory studies are helpful for 
getting better insight into the deformation and fracture aspects in the vessels, towards better utilisation of AET for structural 
integrity of components. AE results generated during hydrotesting of the storage vessels were used to confirm the structural 
integrity of the vessels. AE was used to monitor compression loading of plain and fly ash concrete. This showed three stages due 
to crack closure/microcracking, steady crack propagation and unstable crack propagation. An attempt was made to compare the 
types of cracking in concrete using AE parameters. 
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1. Introduction 
 Acoustic emission technique (AET) is one of the advanced non destructive evaluation (NDE) techniques 
that possesses unique capabilities for on-line monitoring applications [1]. An AE sensor coupled to a sample 
undergoing dynamic changes detects a part of the elastic energy that is emitted in the form of elastic waves and 
gives information about the nature of changes taking place in the sample.  
 Hydro and pneumatic testing are employed for qualification and in-service assessment of components 
operating under pressure. While this testing can indicate that there are no through and through leaks, presence of 
harmful defects which would have grown during the hydrotest, would not be detected. On-line acoustic emission 
(AE) monitoring could enable detection of deformation and/or damage to the components and also detection of 
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growing defects, if any, during the hydrotest. The results of AE monitoring, in turn, could be used for monitoring 
structural integrity of the components during the hydrotest.  
 This present paper highlights the use of AET for on-line monitoring of pressure vessels during hydrotesting 
in the laboratory as well as for on-line monitoring of pressure vessels during hydrotesting in a heavy water plant. 
This paper also highlights the use of AET for on-line monitoring of damage and cracking behaviour in concrete.  
2. On-Line AE Monitoring of Pressure Vessels during Hydrotesting in the Laboratory 
 Acoustic emission monitoring during hydrotesting of pressure vessels in the laboratory was done. The 
cylindrical pressure vessels (dia 300 mm, length 350 mm and thickness 4.2 mm) used were fabricated from AISI 
type 304 stainless steel (SS) pipe of 250 NB and schedule 10. Both the ends of the vessel were closed with 3 mm 
thick SS sheets. At centre of one end of the vessels, closure sheets used were of reduced thickness in a circular 
region of 30 mm dia to induce stress concentration and initiate failure at these regions during hydrotesting. The 
depth of the reduced sections or notches was kept as 1.8 mm (vessel 1), 2.2 mm (vessel 2) and 2.4 mm (vessel 3). 
The pressurization of the vessels was carried out up to failure. The AE signals generated during hydrotesting of the 
vessels were recorded using both 150 kHz resonant sensor and broadband sensor (100-1000 kHz frequency). The 
sensors were mounted on the flat surface of the vessels near to the reduced section. Both the sensors were connected 
to 40 dB gain preamplifier. The threshold for both the sensors was maintained at 30 dB. The gain and threshold were 
so selected that no external noise was picked up during the hydrotest. The recorded AE signals were analyzed by 
using AE Win system.  
 Variations in AE count rate and total count of the AE signal vs. time for one of the vessels (vessel 1) are 
shown in Fig. 1a-1b. It was seen that, AE signals are generated continuously during the pressurization. Total count 
during pressurization increases with time. AE generated increased substantially prior to the vessel failure. Acoustic 
emission generated during pressurisation has been attributed to the deformation and crack growth in the material of 
the vessels. With increase in pressure, both ends of the vessels increase in diameter. AE due to deformation 
processes has been studied in metallic materials and it is known that increase in strain gives rise to AE signals 
during deformation [2-6]. In the pressure vessels made of AISI type 304 stainless steel used in this investigation, AE 
generated is thus primarily due to the increase in strain associated with deformation at both the ends of the vessel 
due to increase in pressure. The AE generated during pressurization is thus also attributed to the localized 
deformation in the vicinity of the reduced section or notch.  
 The results also indicate that the counts generated during pressurization are not uniform throughout the 
pressure range. The counts are low in the beginning, increase in the middle of the pressurization and increase further 
towards the end of the pressurization. Based on these observations, the AE generated during pressurization has been 
divided into three stages as shown in Fig.1b. Distribution of hits (events) by peak amplitude (PA) for these three 
stages for vessel 1 is given in Fig.2. As compared to the first stage, the hits generated in the second and third stages 
are more and are of higher peak amplitude. In the first stage, the AE signals are generated due to deformation 
processes only. Events of lower PA are known to be generated during plastic deformation of austenitic stainless 
steels [3]. But with increasing pressurization, crack initiation and growth in the notch region takes place and this 
also produces AE hits (events) of higher peak amplitude. The AE signals of higher peak amplitude generated in the 
third stage i.e. before failure of the vessels are attributed to the tearing and rupture events, in addition to continued 
crack growth.  
3. On-Line AE Monitoring of Pressure Vessels during Hydrotesting in a Heavy Water Plant 
 Two storage tanks made of A516 Gr. 70 carbon steel (thickness 40 mm) used for storing H2S gas in a 
heavy water plant were under maintenance shutdown. During the shutdown time, ultrasonic inspection was carried 
out to detect the presence of defects in these tanks, if any. Ultrasonic normal and angle beam inspections were 
carried out at various locations of the tanks and also in a few virgin plates of the same batch of material used for 
fabrication of the tanks. These inspections revealed the presence of point type defect indications in the tanks at 
various depths in the range of 15-30 mm and also indicated the presence of similar type of defects in the virgin 
plates. The point type defect indications in the tanks were thus attributed to manufacturing defects and not to the 
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service induced defects. However, such defects might grow during subsequent prolonged operations of the tanks and 
become matter of concern for ensuring safety of the tanks. Thus, there is a need to examine growth of these defects 
periodically, if any, using NDE techniques. In the earlier inspection, it was recommended to carry out ultrasonic 
normal and angle beam inspection of a few regions surrounding the observed indications before and after the 
scheduled hydrotest of the tanks, for verifying growth of the defects. To understand the nature of these defects under 
pressurized condition, it was also recommended to carry out AE monitoring during hydrotesting of the tanks to 
ensure that these point type defects are not growing during the hydrotesting. In view of this, ultrasonic inspection 
before and after hydrotest and acoustic emission monitoring during hydrotest of the tanks have been carried out. 
 The storage tanks are of cylindrical geometry (3 m ID, 42 mm shell thickness and 12 m length) and are 
closed by hemispherical ends at both sides. The operating temperature is about 350 C and operating pressure is 30-35 
bar. Figure 3 shows one of the storage tanks (TK-9) inspected by acoustic emission. For AE monitoring, eleven 
sensors were used in 1-3-3-3-1 configuration to cover the full tank. Based on the response of the sensors to 
simulated pencil break source, an inter-sensor distance of 3.3 m along the circumference of the vessel was 
optimised. The distance between the sensor rows along the axial direction was kept as 4.45 m. Sensor 1 and sensor 
11 were mounted at two ends of the hemisphere while the remaining nine sensors were mounted in three rows along 
the length of the vessel. The sensors were of 150 kHz resonant frequency type. By this configuration, the entire tank 
could be covered to detect and locate any dynamic AE sources associated with local plastic deformation and/or 
growing discontinuities from any part of the tank. Preamplifiers of 40 dB gain each and suitable filters (100-300 
kHz) were used. A threshold of 40 dB was optimized. All the sensors were connected to a 16-channel Spartan 2000 
AET system. The hydrotest of the tanks was carried out to a maximum pressure of 42.5 bar, with holds at different 
pressures. A reloading cycle from 35 bar to 42.5 bar was carried out immediately following the first cycle of the 
hydrotest.  
 Figure 4a shows the locations of AE sources observed during pressurisation between 5 and 42.5 bar for 
tank TK-9. Figure 4b shows the locations of AE sources during repressurisation between 35 and 42.5 bar. It can be 
seen from the location plots of AE signals generated during the hydrotests that signals were generated at different 
regions. The AE generated in different locations were attributed to the noise exerted by support structures and by 
any local micro-plastic deformation of the material of the tank. 
 During pressurisation of a component, AE could be generated due to deformation of the material of the 
component or due to growth of any defect. For the tanks in the present investigation, the AE signals were generated 
only during the first pressurisation and not during the pressure holds and repressursiation cycles. This confirmed the 
absence of growing defect in the tanks during hydrotesting. Ultrasonic testing carried out after hydrotesting for the 
tanks and this did not indicate detectable growth of the defects found earlier. 
4 On-Line AE Monitoring of Damage and Cracking Behaviour in Concrete 
 Nondestructive evaluation and diagnostic techniques are recently in great use for maintenance of concrete 
structures. AET which is useful for damage detection in materials and components, has also potential for 
characterization of damage and cracking behaviour in concrete materials and structures [7-8].  
 Fly ash is a by-product of coal based power generation plants and its disposal is associated with the 
problem of environmental pollution. Quantity of fly ash in the environment can be reduced by way of replacement 
of part of the cement in concrete. This will reduce amount of CO2 emission associated with the production of 
Portland cement. In fly ash concrete, through pozzolonic activity, fly ash helps to produce more amount of binder 
along with hydration of cement. Pozzolanic reaction is the chemical reaction that occurs between Portland cement 
and water and results in the formation of durable binder, i.e. calcium silicate hydrate gel (CSH) and free lime 
(nondurable binder). The pozzolanic reaction of fly ash is a slow process and its contribution towards the 
development of strength occurs only at later ages and hence, the early strength of fly ash concrete is low. In the fly 
ash concrete, CSH formed closes the micro pores and plays major role in the improvement of the properties of fly 
ash concrete. In order to compare the cracking behavior in plain and fly ash concretes and to confirm the effect of 
curing, compression tests of both types concretes along with AE monitoring were carried out [9]. AE signals 
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generated during compression loading were recorded and correlated with different stages of cracking behavior of 
concrete. Additionally, the effect of fly ash on the cracking mode was also discussed. 
 In this investigation [9], concrete specimens having dimensions 150 x 150 x 150 mm3 were casted and 
cured for 7, 14, 28 and 56 days. In the fly ash concrete, 30 % of cement was replaced with fly ash. Same water to 
binder ratio of 0.44 was used for both the concretes. The compression tests of the specimens were performed at a 
constant loading rate of 5.2 kN/s. The AE signals generated during compression testing were recorded using AE 
DiSP system. A piezoelectric sensor having resonant frequency at 150 kHz was used for recording the AE signals.  
 Compressive strength of plain and fly ash concrete increase with curing periods and becomes almost of the 
same order after 56 days curing. The applied stress and the AE counts generated during the compression tests of 
seven days cured plain and fly ash concrete specimens are shown as a function of strain in Figs. 5 a-b respectively. 
AE results have shown three distinct stages of activity in both concretes. The AE generated at beginning of 
compression has been attributed to crack closure/microcracking and then steady crack propagation and finally 
sudden increase in AE counts close to the ultimate strength is due to unstable crack propagation. Variation of AE 
counts with compression loading of fly ash concrete is similar to the plain concrete for 7 and 14 days of curing but is 
different from the plain concrete for higher curing periods of 28 and 56 days. For higher curing of fly ash concrete, 
initial AE activity is reduced as compared to the plain concrete and it shows that proper curing produces evident 
filling effect for the pores due to pozzolonic reaction leading to reduction of microcracking. From AE activity plot, 
stress and strain values corresponding to unstable cracking are identified in both types of concretes and variation of 
percentage of stress level and strain corresponding to unstable crack propagation with curing are shown in Fig. 6. 
This shows that both stress level and strain corresponding to unstable crack propagation increases with curing 
periods in both concretes and their values are higher for fly ash concrete for all curing periods. This indicates that 
unstable cracking is easier in the plain concrete as compared to the fly ash concrete and is delayed with curing in 
both types of concretes.  
 RA value and average frequency of the AE signals generated during compression tests of plain and fly ash 
concretes have been determined based on JCMS-III B5706 code [10]. RA value is found out by dividing rise time of 
the AE signals with peak amplitudes. Higher RA value is an indication that shear cracks dominate the failure 
process [11,12]. Relationship between the RA values and average frequencies of plain and fly ash concrete of 28 
days curing is given in Fig. 7. In both the concretes, average frequencies of AE hits are distributed up to 200 kHz.  
RA value distribution of both concrete is different and fly ash concrete has lower RA value (up to 4000 μS/V; less 
number of hits above 4000 μS/V) as compared to plain concrete (16000 μS/V). This shows that plain concrete 
specimens exhibit both tensile and shear cracks. Lower RA value of fly ash concrete is an indication that there are 
only tensile cracks and shear cracks are absent. These results show that AE technique can be effectively used to 
reveal different stages of crack growth behavior in concrete specimens. The results also show that the crack growth 
behavior is not similar in plain and fly ash concrete during compression loading. 
5. Conclusions 
 Acoustic emission technique (AET) has been effectively used for detection of deformation and/or damage 
and growth of cracks in vessels during hydrotesting in the laboratory. AET has also been applied for structural 
integrity monitoring of components. Acoustic emission generated during the hydrotesting of the components 
indicated that the AE signals generated were only due to structural noise and microyielding of the material. The 
absence of any acoustic emission during the repressurizing cycle confirmed the structural integrity of the 
components. AET has also been used for monitoring different stages of compression loading of plain and fly ash 
concretes. AE results confirmed that curing and fly ash replacement have profound influence on cracking behavior 
of concrete and this information on likely cracking will be useful for selecting other NDE techniques for structural 
health monitoring of concrete structures made of fly ash. 
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Fig.1. Variation of (a) counts vs. time and (b) cumulative count vs. time for vessel 1. 
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Fig. 2 Amplitude distribution of hits for three stages for vessel 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig.3. A view of tank TK-9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Location of AE sources observed during different pressurisation of tank-9, (a) 5 to 42.5 bar and  
(b) repressurisation from 35 to 42.5 bar 
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Fig. 5 AE counts and stress vs. strain during compression tests of 7 days cured (a) plain concrete and  
(b) fly ash concrete. 
(a) (b) 
Fig. 6 Variation of stress and strain corresponding to unstable crack propagation with curing for (a) plain and 
(b) fly ash concrete. 
(a) (b) 
Fig. 7 Relationship between RA value vs. average frequency for (a) plain and  
(b) fly ash concrete specimens for curing of 28 days. 
(a) (b) 
